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(54) LIGHT-EMITTING DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To improve the light extraction efficiency of a light- 
emitting device which radiates the light emitted from a light-emitting layer to the 
outside and to easily manufacture the element by providing a light-scattering layer 
on the light-extracting surface of the light-emitting device. 
SOLUTION: An n-type GaN layer 2, a p-type GaN layer 3, an n-type side- 
electrode forming region 4, and a p-type side-efectrode forming region 5 are 
formed on a sapphire substrate 1 , and n- and p-type side electrodes 7 and 8 are 
respectively formed on the n- and p-type side-electrode forming regions 4 and 5. 
The n- and p-type GaN layers 2 and 3 become light-emitting layers and the 
section from the region 5 to the region 4 becomes a light-extracting surface 6. A 
light-scattering layer 9, which is composed of silicon dioxide and has an uneven 
surface, is formed into a nearly entire region of the surface 6. Since the uneven 
surface is formed not only on the surface of the GaN layer, but also on the surface 
of the light-scattering layer 9 t the machining damages to the GaN layers 2 and 3 
can be prevented, and the deterioration in the light- emitting efficiency of a light- 
emitting device is prevented. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Clatm(s)] 

[Claim 1] Luminescence equipment which is luminescence equipment made to emit the light generated in the luminous layer to the 

exterior through an optical ejection side, and is characterized by having a light-scattering layer on said optical ejection side. 

[Claim 2] Luminescence equipment according to claim 1 characterized by said light-scattering layer having insulation. 

[Claim 3] Luminescence equipment according to claim 1 or 2 characterized by said light-scattering layer having a concavo-convex front 

face. 

[Claim 4] Luminescence equipment according to claim 3 characterized by the heights of the concavo-convex front face of said light- 
scattering layer consisting of a part of spherical particles. 

[Claim 5] the thin film layer which said light-scattering layer covered the front face of two or more convex domains prepared on said 
optical ejection side at island shape, and two or more of these convex domains, and it had on said optical ejection side — since — the 
luminescence equipment according to claim 3 characterized by becoming. 

[Claim 6] Luminescence equipment according to claim 5 characterized by said convex domain consisting of MgAI 204. 
[Claim 7] Luminescence equipment according to claim 3 to 6 characterized by the width of face and the level difference of said 
irregularity being equal to the value which **(ed) wavelength of the light generated in said luminous layer by the square root of the 
refractive index of said light-scattering layer, or being large. 

[Claim 8] two or more refraction fields where said light-scattering layer was prepared into the thin film layer and this thin film layer and 
which have a different refractive index from the thin film layer concerned — since — the luminescence equipment according to claim 1 
or 2 characterized by becoming. 

[Claim 9] said refraction field — abbreviation — the luminescence equipment according to claim 8 characterized by the spherical thing. 
[Claim 10] The diameter of said refraction field is luminescence equipment according to claim 9 characterized by being equal to the 
value which **(ed) wavelength of the light generated in said luminous layer by the square root of the refractive index of said refraction 
field, or being large. 

[Claim 11] Luminescence equipment according to claim 1 or 2 characterized by said light-scattering layer consisting of a thin film layer 
in which two or more reflective fields were established in the interior. 

[Claim 12] Luminescence equipment according to claim 1 1 characterized by said reflective field consisting of a metal. 

[Claim 13] said reflective field — abbreviation — the luminescence equipment according to claim 11 or 12 characterized by the 

spherical thing. 

[Claim 14] The diameter of said reflective field is luminescence equipment according to claim 13 characterized by being equal to the 
value which **(ed) wavelength of the light generated in said luminous layer by the square root of the refractive index of said refraction 
field, or being large. 

[Claim 15] Said luminous layer is luminescence equipment according to claim 1 to 14 characterized by consisting of a gallium nitride 
(GaN) system semi-conductor containing a gallium (Ga) and nitrogen (N). 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the luminescence equipment made to emit the light generated in the luminous layer to 

the exterior through an optical ejection side. 

[0002] 

[Description of the Prior Art] Semiconductor laser (LD) and light emitting diode (LED) using the semi-conductor as a typical thing of a 
light emitting device are known. Since the light to which the phase was equal is obtained, LD is applied as the light source for record 
regenerative apparatus, such as the light source for optical communication, and a compact disk. 

[0003] On the other hand, LED has a low power and the description of being long lasting, and is used for the light source for a display, 
for example, the plotting board, an outdoor advertising plate, etc. of a yard. For an activity on a such application top, especially the 
outdoors, the high brightness LED is required. 

[0004] In recent years, the application to the full color large-sized display of LED is expected very much from being developed for high 
brightness blue LED. However, in order to compete with the full color large-sized display which used the existing CRT method etc.. the 
further high brightness of LED and low-power-ization are desired. 

[0005] One technical means for realizing this are raising the optical ejection effectiveness to the exterior of LED. As this example, in a 
JP,6-291368A(H01L33/00) number In the LED equipment which comes to form the gallium nitride (GaN) system semi-conductor layer 
containing a gallium (Ga) and nitrogen (N) on silicon on sapphire The approach of forming irregularity in the semi-conductor layer front 
face by the side of an optical ejection side is proposed by etching a front face for GaN system semi-conductor each class after crystal 
growth, or carrying out crystal growth of GaN system semi-conductor each class on the off substrate from C side of silicon on sapphire. 

[0006] By preparing such irregularity explains using type section drawing of the LED equipment which showed the mechanism with 
optical increasing ejection effectiveness to drawing 7 . In addition, drawing 7 (a) shows the LED equipment with which conventional LED 
equipment with a flat semi-conductor front face was formed to this drawing (b) in the concavo-convex field on the semi-conductor 
front face again, respectively. 

[0007] The n mold GaN system semi-conductor layer by which 101 were formed in the substrate among this drawing, and 102 was 
formed on the substrate 101, and 103 are the p mold GaN system semi-conductor layers formed on the n-type-semiconductor layer 
102. Moreover, n mold lateral electrode with which 104 was formed on the side face of the n mold GaN system semi-conductor layer 
102. and 105 are p mold lateral electrodes formed on the p mold GaN system semi-conductor layer 103. 

[0008] Although the light which this LED equipment operated and was generated near the interface (pn junction interface) of the n- 
type-semiconductor layer 102 and a p type semiconductor 103 is taken out outside through optical ejection side 103a by impressing an 
electrical potential difference to the forward direction between these electrodes 104 and 105 Since the refractive indexes of the 
exterior and the semi-conductor layer 103 differ and light refracts or reflects on said optical ejection side 103a front face, a part of light 
cannot be taken out outside. 

[0009] Moreover, among drawing 7 (a), the light generated near the interface of the n-type-semiconductor layer 102 and a p type 
semiconductor 103 is refracted on an optical ejection side 103a front face, and 106 are a light which advances along this front face, and 
call a critical angle the incident angle of the light to the optical ejection side 103a front face at this time. 

[0010] In the case of the conventional LED equipment shown in drawing 7 (a), the light 107 which carried out incidence to optical 
ejection side 103a at the include angle deeper than this critical angle is refracted on an optical ejection side 103a front face, and is 
taken out outside. It was reflected on the optical ejection side 103a front face, and the light 108 which carried out incidence at the 
include angle shallower than a critical angle on the other hand was reflected multiply with said optical ejection side 103a front face, the 
interface of a substrate 101 and the semi-conductor layer 102, or the rear face of a substrate 101, and since it will be absorbed by the 
semi-conductor layers 102 and 103 or the substrate 101, it was not able to be taken out outside. 

[0011] On the other hand, when optical ejection side 103a shown in drawing 7 (b) has irregularity, since optical ejection side 103a has 
irregularity, the incident angle of the light 109 to this surface 103a becomes deeper than said critical angle, and the light 108 shown in 
drawing 7 (a) and the light 109 which advances toward optical ejection side 103a at the almost same include angle will be taken out 
outside. 

[0012] That is, the light 108 which cannot be taken out if the optical ejection side 103a front face is flat can be taken out by preparing 
irregularity in an optical ejection side 103a front face, therefore the optical ejection effectiveness to the exterior of LED equipment can 
be raised. 
[0013] 

[Problem(s) to be Solved by the Invention] However, by the approach of etching p mold GaN system semi-conductor layer surface 103a 
which is an optical ejection side after crystal growth about GaN system semi-conductor each class 102 and 103, since the etch rate of 
a GaN system semi-conductor was slow, precise processing was difficult, or the processing breakage to the crystal by etching crossed 
throughout the surface abbreviation for LED equipment (103a) and was introduced, the technical problem of ** that there was a 
possibility may cause decline in luminous efficiency occurred. 

[0014] Moreover, although this irregularity is automatically formed of crystal growth by the approach of forming irregularity in optical 
ejection side 103a by carrying out crystal growth of GaN system semi-conductor each class on the off substrate from C side of silicon 
on sapphire, since it is not clear at what kind of event of this crystal growth process irregularity is formed, it is difficult [ it / the crystal 
growth of mum order is required for the usual LED, and ] to control the dimension. Consequently, the optical ejection effectiveness to 
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the exterior may fully be unable to improve. 

[0015] This invention is accomplished in view of an above-mentioned trouble, and the optical ejection effectiveness to the exterior is 

high, and it aims at offering easily the luminescence equipment which can be manufactured with a sufficient controllability. 

[0016] 

[Means for Soh/ing the Problem] The luminescence equipment of this invention is luminescence equipment made to emit the light 
generated in the luminous layer to the exterior through an optical ejection side, is characterized by having a light-scattering layer on 
said optical ejection side, and is characterized by said light-scattering layer having insulation. 
[0017] Moreover, said light-scattering layer is characterized by having a concavo-convex front face. 

[0018] at this time, this invention consisted of a part of particles with the spherical heights of the concavo-convex front face of said 
light-scattering layer — or the thin film layer which said light-scattering layer covered the front face of two or more convex domains 
prepared on said optical ejection side at island shape, and two or more of these convex domains, and it had on said optical ejection side 

— since — it is characterized by to become and said convex domain consisting of MgAJ 204. 

[0019] Furthermore, it is characterized by the width of face and the level difference of said irregularity being equal to the value which ** 
(ed) wavelength of the light generated in said luminous layer by the square root of the refractive index of said light-scattering layer, or 
being large. 

[0020] Moreover, two or more refraction fields where this invention has a different refractive index from the thin film layer concerned in 
which said light-scattering layer was prepared into the thin film layer and this thin film layer, since — becoming — the description — 
carrying out — **** — said refraction field — abbreviation — it is characterized by being equal to the value which **(ed) wavelength 
of the light in which the diameter of said refraction field generates a spherical thing in said luminous layer further by the square root of 
the refractive index of said refraction field, or being large. 

[0021] moreover, the thing which it is characterized by to consist of a thin film layer in which the reflective field of plurality [ this 
invention / layer / said / light-scattering / interior ] was established, and said reflective field consists of a metal — said reflective field 

— abbreviation — it is characterized by being equal to the value which **(ed) wavelength of the light in which the diameter of said 
reflective field generates a spherical thing in said luminous layer further by the square root of the refractive index of said refraction 
field, or being large. 

[0022] In addition, it is characterized by consisting of a gallium nitride (GaN) system semi-conductor with which, as for this invention, 

said luminous layer contains a gallium (Ga) and nitrogen (N). 

[0023] 

[Embodiment of the Invention] 

[Operation gestalt 1] drawing 1 is type section drawing of the LED luminescence equipment which consists of a GaN system semi- 
conductor concerning the 1st operation gestalt. 

[0024] The n mold GaN layer of 3 micrometers of thickness by which one was formed in silicon on sapphire among drawing 1 , and 2 was 
formed on the substrate 1 , the p mold GaN layer of 0.2 micrometers of thickness by which 3 was formed on the n mold GaN layer 2. and 
4 so that the n mold GaN layer 2 may be exposed n mold lateral electrode formation field which it comes to remove in the 
predetermined location in the layer of the p mold GaN layer 3 to the n mold GaN layer 2 very much, and 5 are p mold electrode 
formation fields simultaneously formed of said clearance. 

[0025] Here, n mold and the p mold GaN layers 2 and 3 correspond to the luminous layer of this luminescence equipment, and the field 
which reaches n mold electrode formation field 4 serves as the optical ejection side 6 from p mold lateral electrode formation field 5. 
[0026] n mold lateral electrode which consists of Ti by which 7 was formed on n mold lateral electrode formation field 4, and 8 are p 
mold lateral electrodes which consist of Au and nickel which were formed on p mold lateral electrode formation field 5. 
[0027] 9 is a light- scattering layer which consists of a silicon dioxide (Si02) formed throughout the abbreviation for the optical ejection 
side 6, and if it is in this operation gestalt. it has the concavo-convex front face width of face and whose level difference this light- 
scattering layer is about 0.3 micrometers, respectively. 

[0028] In addition, what is necessary is not to constitute especially the light- scattering layer 9 from an insulator layer, if it is when 
forming only on the electrode of one side, and just to constitute from an ingredient which has translucency, although the light-scattering 
layer 9 is constituted from an insulator layer of Si02 in order to prevent the short circuit between these two electrodes 7 and 8 since 
the above-mentioned light-scattering layer 9 is formed ranging over n mold lateral electrode 7 and p mold lateral electrode 8 if it is in 
this operation gestalt. 

[0029] One production process of**** luminescence equipment is briefly explained using drawing 2 . In addition, the same part as 
drawing 1 attaches the same sign. 

[0030] first — the 1st process shown in drawing 2 (a) — the whole silicon-on-sapphire 1 top surface — the growth temperature of 
1000 degrees C — MOCVD (organic metal gaseous-phase deposition) — crystal growth of the n mold GaN layer 2 of 3 micrometers of 
thickness and the p mold GaN layer 3 of 0.2 micrometers of thickness is carried out in this sequence by law. Here, Si and Mg are used 
for n mold and p mold dopant, respectively. 

[0031] Next, at the 2nd process shown in drawing 2 (b), it leaves the field of the request on the p mold GaN layer 3 as a p mold lateral 
electrode formation field 5 with photolithography. CI2 (chlorine) — as reactant gas — using — RIBE (reactant ion beam etching) — by 
law In order to remove about 2 micrometers of thickness of said p mold GaN layer 3 and the n mold GaN layer 2, and to form n mold 
lateral electrode formation field 4. then to activate the carrier of the p mold GaN layer 16, it heat-treats at 700 degrees C among 
nitrogen-gas-atmosphere mind. 

[0032] Next, at the 3rd process shown in drawing 2 (c). n mold lateral electrode 7 which consists of Ti on n mold lateral electrode 
formation field 4, and p mold lateral electrode 8 which consists of Au and nickel on p mold lateral electrode formation field 5 are formed 
with vacuum deposition. 

[0033] Furthermore, at the 4th process shown in drawing 2 (d). vacuum deposition of the insulator layer 9a which consists of Si02 of 0.6 
micrometers of thickness throughout the front face of said structure is carried out. 

[0034] Then, at the 5th process shown in drawing 2 (e). the light-scattering layer 9 which has a concavo-convex front face is produced 
by forming the irregularity width of face and whose level difference are about 0.3 micrometers, respectively by the wet etching using the 
photolithography which used the interference exposing method for said insulator layer 9a front face, and the etchant of a fluoric acid 
system. 

[0035] Finally, at the 6th process, the LED luminescence equipment which removes a part of p mold lateral electrode 7 and said light- 
scattering layer 9 of 8 upper parts in the contact to an electrode, and shows it to drawing 1 by the wet etching which used the etchant 
of photolithography and a fluoric acid system is obtained n mold side. 

[0036] Light generates the luminescence equipment of this operation gestalt completely like usual LED equipment near the interface (pn 
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junction interface) of the n mold GaN layer 2 and the p mold GaN layer 3 by impressing an electrical potential difference to the forward 
direction between said electrode 7 and 8. 

[0037] As mentioned above, with the usual luminescence equipment which does not have the light-scattering layer 9, since it is 
reflected in the direction of the interior of luminescence equipment in respect of [ 6 ] optical ejection, the light which carried out 
incidence at the include angle shallower than a critical angle to the optical ejection side 6 among the light generated near [ said ] the pn 
junction interface cannot be taken out to the exterior here. On the other hand, since the luminescence equipment of this operation 
gestalt is equipped with the light-scattering layer 9 which has a concavo-convex front face, with said usual luminescence equipment, 
the light which should carry out incidence at a shallow include angle will come to carry out incidence at an include angle deeper than a 
critical angle, and will be taken out from a critical angle outside. Consequently, the optical ejection effectiveness to the exterior can be 
improved with this luminescence equipment. 

[0038] Moreover, since the light-scattering layer 9 with which the luminescence equipment of this operation gestalt is equipped consists 
of Si02, as compared with a GaN system semi-conductor, etching processing is easy for it and it can form a concavo-convex front face 
with a sufficient controllability in a short time. Therefore, luminescence equipment equipped with the light-scattering layer 9 which has 
the concavo-convex front face which was excellent in dimensional accuracy by this invention can be manufactured easily. 
[0039] Furthermore, since said concavo-convex front face is formed in light-scattering layer 9 front face instead of the front face of 
the GaN semi-conductor layer 3, processing breakage is not introduced into the GaN layers 2 and 3, therefore the luminous efficiency 
of this luminescence equipment does not fall. 

[0040] In addition, the luminescence equipment of this operation gestalt can prevent the oxidation to which they are based on being 
made atmospheric air since the GaN layer 2 and three front faces are thoroughly covered with p mold lateral electrodes 7 and 8 and the 
light-scattering layer 9 n mold side, and the effectiveness that the property of luminescence equipment is stabilized is also acquired. 
[0041] In addition, in order to heighten more the improvement effectiveness in optical ejection effectiveness to the exterior by said 
light-scattering layer 9, it is desirable that the concavo-convex width of face (t1) and the concavo-convex level difference (t2) which 
said light-scattering layer 9 has satisfy several 1 to the luminescence wavelength lambda of LED equipment and the refractive index n 
of the light-scattering layer 9. 
[0042] 
[Equation 1] 

t, £ X/ <n) 1/2 ( i =1, 2) 

[0043] In this operation gestalt, since lambda was 0.36 micrometers, n was 1 .45 and t1 and t2 were computed with 0.3 micrometers from 
said formula, the concavo-convex width of face and the concavo-convex level difference which said light-scattering layer 9 has were 
set to 0.3 micrometers. 

[0044] Moreover, although Si02 was used for the light-scattering layer 9 with this operation gestalt, other insulating materials, such as 
silicon nitride, may be used. 

[0045] Furthermore, in although LED luminescence equipment was explained, it can use for luminescence equipment what [ not 

only ] can use suitably also in other luminescence equipments, such as a surface emission-type laser, and consists of ingredients other 
than a GaN system semi-conductor but at large. 

[0046] [Operation gestalt 2] drawing 3 is type section drawing of the LED luminescence equipment which consists of a GaN system 
semi-conductor concerning the 2nd operation gestalt. In addition, since it is only the configuration and its formation approach of a light- 
scattering layer, that this operation gestalt differs from the operation gestalt 1 shown in drawing 1 gives the same sign to the same part 
as drawing 1 , and it omits explanation. 

[0047] 1 1 are the light-scattering layer which consists of Si02 among drawing 3 , this light-scattering layer 1 1 is constituted by 
spherical section 11a and thin film section of about 0.15 micrometers of thickness 11b which carried out the shape of **** with a 
diameter of about 0.3 micrometers formed on the optical ejection side 6, and a part of above-mentioned spherical section 11a 
constitutes the heights of the light-scattering layer 11. 

[0048] One production process of **** luminescence equipment is explained briefly. 

[0049] At the 1-3rd processes of the luminescence equipment of this operation gestalt. the 1-3rd processes ( drawing 2 (a) - (c)) of 
one production process of having explained with the operation gestalt 1, and the same process are performed. 
[0050] Next, at the 4th process, the solution which mixed the particle which particle size becomes from Si02 which is about 0.3 
micrometers is applied with a spin coat methfod throughout the front face of p mold lateral electrodes 7 and 8 into the coating liquid for 
S»02 system coat formation (OCD by TOKYO OHKA KOGYO CO., LTD.) n mold side formed in the part on the optical ejection side 6 
and this field 6. 

[0051] Then, at the 5th process, the light-scattering layer 11 which has as heights the abbreviation one half of spherical section 11a 
which carried out the shape of **** with a diameter of about 0.3 micrometers is formed by performing baking for 30 minutes at 450 
degrees C among nitrogen-gas-atmosphere mind, and evaporating the solvent in said solution. 

[0052] Finally, at the 6th process, the luminescence equipment which removes a part of p mold lateral electrode 7 and said light- 
scattering layer 1 1 of 8 upper parts in the contact to an electrode, and shows it to drawing 3 by the wet etching which used the etchant 
of photolithography and a fluoric acid system is obtained n mold side. 

[0053] Since the luminescence equipment of this operation gestalt equips a front face with the light-scattering layer 11 which has a 
concavo-convex front face, it can improve the optical ejection effectiveness to the exterior like the luminescence equipment of the 
operation gestalt 1 . 

[0054] Moreover, processing breakage is not introduced into the GaN layers 2 and 3, and luminous efficiency of this luminescence 
equipment is not reduced. 

[0055] Furthermore, since oxidation of the GaN layer 2 and three front faces is prevented, it is effective in the property of luminescence 
equipment being stabilized. 

[0056] Moreover, in this operation gestalt. since the light-scattering layer 1 1 is formed by applying the solvent containing the particle to 
which particle size was equal with a spin coat method, and baking this, concavo-convex dimensional accuracy is good. In addition, since 
photolithography and an etching process are not needed in order to form irregularity, manufacture is further simplified from the 
luminescence equipment of the operation gestalt 1. 

[0057] In addition, in order to heighten more the improvement effectiveness in optical ejection effectiveness to the exterior by said 



http://www4jpdl.ncipi.gojp/cgi-bin/tran.web_cgLejje 



2006/06/23 



JP.10-163525.A [DETAILED DESCRIPTION] 



475^— V 



light-scattering layer 11. it is desirable that the concavo-convex width of face (t1) and the concavo-convex level difference (t2) which 
said light-scattering layer 1 1 has satisfy several 1 like the above-mentioned operation gestalt 1 to the luminescence wavelength lambda 
of LED equipment and the refractive index n of the light- scattering layer 9. 

[0058] Moreover, although the coating liquid for Si02 system coat formation was used for formation of the light- scattering layer 1 1 with 
this operation gestalt, the coating liquid for coat formation which consists of other ingredients, such as polyimide system resin, may be 
used. In addition, although spherical section 1 1a of the light-scattering layer 1 1 was made into the particle which consists of Si02. the 
particle which consists of other ingredients, such as carbon (C). for example may be used. 

[0059] Furthermore, in ****. although LED luminescence equipment was explained, it can use for other luminescence equipments, such 
as a surface emission-type laser, suitably. 

[0060] In addition, this invention can be used also not only to a thing but to other luminescence equipments which consist of ingredients 
other than a GaN system semi-conductor. 

[0061] [Operation gestalt 3] drawing 4 is type section drawing of the LED luminescence equipment which consists of a GaN system 
semi-conductor concerning the 3rd operation gestalt In addition, in this drawing, the same sign is given to the same part as the 
operation gestalt 2 shown in drawing 3 , and explanation is omitted. 

[0062] the thin film layer 21a concerned by which the thin film layer which 21a becomes from Si02, and 21b— were prepared into this 
thin film layer 21a among drawing 4 — ** — it is two or more refraction fields which have a different refractive index, and if it is in this 
operation gestalt. it consists of diamonds. And the light-scattering layer 21 consists of said insulating-layer 21a and refraction field 
21b—. 

[0063] if it is in this operation gestalt here — said refraction field 21b— abbreviation — since it presupposed that it is spherical and 
thickness of about 0.3 micrometers and thin film layer 21a was set to about 0.6 micrometers for the diameter, refraction field 21b— is 
the gestalt buried in thin film layer 21a. 

[0064] **** luminescence equipment is manufactured like the above-mentioned production process in the 4th process of one 
production process of the above-mentioned operation gestalt 2 except making small rotational speed of the spinner at the time of 
performing a spin coat 

[0065] Next, the mechanism whose optical ejection effectiveness improves by the light-scattering layer 21 of this operation gestalt is 
briefly explained using drawing 5 (a). 

[0066] The refractive index of Si02 which constitutes thin film layer 21a is 1.45. and the refractive index of the diamond which 
constitutes refraction field 21b — is larger than that of about 2.5 and Si02. Therefore, when there is no light-scattering layer 21 among 
the light generated near the interface of the n mold GaN layer 2 and the p mold GaN layer 3, in order that incidence may be carried out 
to the optical ejection side 6 at an include angle shallower than a critical angle, the light which cannot be taken out outside may be 
refracted by refraction field 21b— as shown in drawing 5 (a) and the travelling direction of light may change, it can take out to the 
exterior. Consequently, the optical ejection effectiveness of LED equipment increases. 

[0067] Moreover, as two or more reflective field 21b— of said refraction field 21b — which consists of metallic materials, such as 
aluminum, instead may be prepared and it is shown in drawing 5 (b) in this case, it is reflective field 21b. — When light reflects on a front 
face, the travelling direction of light changes. Consequently, since the light which cannot be taken out outside comes to be taken out by 
forming the light-scattering layer 21 outside when there is no light-scattering layer 21, the optical ejection effectiveness of 
luminescence equipment can be improved. 

[0068] As mentioned above, with this luminescence equipment, processing breakage is not introduced into the GaN layers 2 and 3 
except that the improvement effectiveness in optical ejection effectiveness is acquired, and luminous efficiency of luminescence 
equipment is not reduced. 

[0069] Furthermore, since oxidation of the GaN layer 2 and three front faces is prevented, it is effective in the property of luminescence 
equipment being stabilized. 

[0070] Moreover, in this operation gestalt, since the light-^scattering layer 21 which has refraction field or reflective field 21b — by 
applying the solvent containing the particle to which particle size was equal with a spin coat method, and baking this is formed, the 
repeatability of said improvement effectiveness in optical ejection effectiveness is good. In addition, since photolithography and an 
etching process are not needed in order to form irregularity, manufacture is further simplified from the luminescence equipment of the 
operation gestalt 1. 

[0071] In addition, in order to heighten more the improvement effectiveness in optical ejection effectiveness to the exterior by said 
light-scattering layer 21. it is the same as that of**** that it is desirable to satisfy the above-mentioned several 1 to the refractive 
index n of the ingredient of the refraction field of said light-scattering layer 21 or reflective field 21b— with which a diameter t 
constitutes the luminescence wavelength lambda of luminescence equipment and said refraction field 21b. Moreover, although the 
coating liquid for Si02 system coat formation was used for formation of the light- scattering layer 21 with this operation gestalt. the 
coating liquid for coat formation which consists of other ingredients, such as polyimide system resin, may be used. 
[0072] In addition, although refraction field 21b— of the light-scattering layer 21 was made into the particle which consists of a 
diamond, the particle which consists of other ingredients, such as sapphire (aluminum 203). may be used. However, the larger one of the 
refractive-index difference of the ingredient which constitutes refraction field 21b — , and the ingredient which constitutes thin film layer 
21a is desirable. Moreover, refraction field 21b — may be gases, such as air instead of a solid material, or a vacuum. 
[0073] Moreover, although the front face of thin film layer 21a may be a flat side, even if it has a concavo-convex front face, it is not 
cared about. 

[0074] Furthermore, what is necessary is not to constitute it from an insulator layer, especially if there is no possibility of producing the 
short circuit of n mold lateral electrode 7 and p mold lateral electrode 8 as thin film layer 21a in this invention mentioned above, and just 
to consist of ingredients which have translucency. 

[0075] In addition, in ****, although LED luminescence equipment was explained, it can use for other luminescence equipments, such as 
a surface emission-type laser, suitably. In addition, this invention can be used also not only to what used the GaN system semi- 
conductor but to other luminescence equipments. 

[0076] [Operation gestalt 4] drawing 6 is type section drawing of the LED luminescence equipment which consists of a GaN system 
semi-conductor concerning the 4th operation gestalt In addition, in this drawing, the same sign is given to the same part as the 
operation gestalt 1 shown in drawing 1 . and explanation is omitted. 

[0077] Two or more area-of-base with 2 and a height of about 0.2 micrometers convex domain of about 0.1 micrometers which 31 are 
light-scattering layer which has irregularity on front face among drawing 6 . and this light-scattering layer 31 becomes from spinel (MgAI 
204) formed on optical ejection side 6 at island shape 32 — . It is constituted by the thin film layer 33 as for which this convex domain 
32 — becomes this convex domain 32 — from Si02 of 0.3 micrometers of thickness formed throughout the optical ejection side 6 top 
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so that may be embedded. 

[0078] One production process of **** LED luminescence equipment is explained briefly. 

[0079] At the 1-3rd processes of this LED equipment the 1-3rd processes ( drawing 2 (a) - (c)) of one production process of having 
explained with the operation gestalt 1. and the same process are performed. 

[0080] Next, n mold side formed in the part on the optical ejection side 6 and this side 6 at the 4th process. Throughout the front face 
of p mold lateral electrodes 7 and 8. as a raw material at the growth temperature of 900 degrees C The aluminum of hydrogen chloride 
(HCI) gas transport (aluminum). MgAI 204 is grown up by the gaseous-phase epitaxial method using the magnesium chloride (MgCI2) of 
hydrogen (H2) gas transport and a carbon dioxide (C02). By this approach. MgAI 204 grows up to be island shape, and two or more 
convex domain 32 — which consists of area-of-base 2 and MgAI 204 with a height of about 0.2 micrometers of about 0.1 micrometers 
is formed. 

[0081] Then, at the 5th process, the light-scattering layer 31 which has irregularity is further formed in a front face p mold lateral 
electrodes 7 and 8 and by carrying out vacuum deposition of the thin film layer 33 of two or more of said convex domain 32 — which 
consists of Si02 of 0.3 micrometers of thickness throughout a front face n mold side formed in the part on the optical ejection side 6 
and this field 6 so that said convex domain 32 — may be embedded. 

[0082] Finally, at the 6th process, the luminescence equipment which removes a part of p mold lateral electrode 7 and said light- 
scattering layer 31 of 8 upper parts in the contact to an electrode, and shows it to drawing 6 by the wet etching which used the etchant 
of photolithography, a fluoric acid system, and a phosphoric acid system is obtained n mold side. 

[0083] Since the luminescence equipment of this operation gestalt equips a front face with the light-scattering layer 31 which has 
irregularity, it can improve the optical ejection effectiveness to the exterior like the operation gestalten 1 , 2, and 3. 
[0084] Moreover, processing breakage is not introduced into the GaN layers 2 and 3, and luminous efficiency of this luminescence 
equipment is not reduced. 

[0085] Furthermore, since oxidation of the GaN layer 2 and three front faces is prevented, it is effective in the property of luminescence 
equipment being stabilized. 

[0086] Moreover, in this operation gestalt convex domain 32 — of two or more convex domain 32 — which consists of MgAI 204 to 
which the dimension was equal since the dimension was controllable by growth temperature and growth time amount can be formed. 
Furthermore, these convex domains 32 — n mold side formed in the part on the optical ejection side 6 and this side 6 after formation, 
although p mold lateral electrodes 7 and 8 and the light-scattering layer 31 of two or more of said convex domain 32 — which forms the 
thin film layer 33 and has irregularity on a front face throughout a front face are obtained, since the thin film layer 33 is formed with 
vacuum deposition, the thickness controllability is good. Therefore, the dimensional accuracy of said irregularity is good. 
[0087] However, about the dimensional accuracy of said irregularity, the operation gestalt 1 is more high. On the other hand, since 
photolithography and an etching process are not needed about the ease of LED luminescence equipment manufacture in order to form 
irregularity with this operation gestalt, manufacture is further simplified from the luminescence equipment of the operation gestalt 1. 
[0088] In addition, in order to heighten more the improvement effectiveness in optical ejection effectiveness to the exterior by said 
light-scattering layer 31, it is desirable to satisfy several 1 relation like the operation gestalten 1, 2, and 3. 

[0089] Moreover, other ingredients may be used for said convex domain 32 — , although island-shape growth of MgAI 204 was used with 
this operation gestalt in order to prepare irregularity in the front face of the light-scattering layer 31. In addition, although Si02 was 
used for the wrap film 33 for said convex domain 32 — . other insulating materials, such as silicon nitride, may be used, or not only an 
insulating material but other translucency ingredients may be used. 

[0090] Furthermore, in ♦***, although LED luminescence equipment was explained, it can use for other luminescence equipments, such 
as a surface emission-type laser, suitably. 

[0091] In addition, this invention consists of ingredients other than a GaN system semi-conductor, or can be used also about the 

luminescence equipment which does not use a semiconductor material. 

[0092] 

[Effect of the Invention] The luminescence equipment of this invention is luminescence equipment which makes emit to the exterior the 
light generated in the luminous layer through an optical ejection side, since it is equipped with a light-scattering layer on said optical 
ejection side, it is conventionally reflected in the direction of the interior of luminescence equipment in respect of optical ejection, and 
becomes possible [ taking out effectively the light which was not able to take out to the exterior outside ], and can offer the 
luminescence equipment whose optical ejection effectiveness to the exterior improved. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is type section drawing of the luminescence equipment concerning the 1st operation gestalt of this invention. 

[Drawing 2] It is type section drawing classified by process showing one production process of the luminescence equipment concerning 

the operation gestalt of the above 1st. 

[Drawing 3] It is type section drawing of the luminescence equipment concerning the 2nd operation gestalt of this invention. 
[Drawing 4] It is type section drawing of the luminescence equipment concerning the 3rd operation gestalt of this invention. 
[Drawing 5] It is type section drawing of the luminescence equipment for explaining a mechanism with optical ejection effectiveness 
increasing in the 3rd operation gestalt of this invention. 

[Drawing 61 It is type section drawing of the luminescence equipment concerning the 4th operation gestalt of this invention. 
[Drawing 7] It is type section drawing of the LED luminescence equipment at the time of the optical refraction in an optical ejection 
side, and the equipment actuation which shows a reflective situation. 
[Description of Notations] 

2 N Mold GaN Layer (Luminous Layer) 

3 P Mold GaN Layer (Luminous Layer) 

4 N Mold Lateral Electrode Formation Field 

5 P Mold Lateral Electrode Formation Field 

6 Optical Ejection Side 

9 Light-Scattering Layer 
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